Deciphering S-methylcysteine biosynthesis in common bean by isotopic tracking with mass spectrometry.
The suboptimal content of sulfur-containing amino acids methionine and cysteine prevents common bean (Phaseolus vulgaris) from being an excellent source of protein. Nutritional improvements to this significant crop require a better understanding of the biosynthesis of sulfur-containing compounds including the nonproteogenic amino acid S-methylcysteine and the dipeptide γ-glutamyl-S-methylcysteine, which accumulate in seed. In this study, seeds were incubated with isotopically labelled serine, cysteine or methionine and analyzed by reverse phase chromatography-high resolution mass spectrometry to track stable isotopes as they progressed through the sulfur metabolome. We determined that serine and methionine are the sole precursors of free S-methylcysteine in developing seeds, indicating that this compound is likely to be synthesized through the condensation of O-acetylserine and methanethiol. BSAS4;1, a cytosolic β-substituted alanine synthase preferentially expressed in developing seeds, catalyzed the formation of S-methylcysteine in vitro. A higher flux of labelled serine or cysteine was observed in a sequential pathway involving γ-glutamyl-cysteine, homoglutathione and S-methylhomoglutathione, a likely precursor to γ-glutamyl-S-methylcysteine. Preferential incorporation of serine over cysteine supports a subcellular compartmentation of this pathway, likely to be in the chloroplast. The origin of the methyl group in S-methylhomoglutathione was traced to methionine. There was substantial incorporation of carbons from methionine into the β-alanine portion of homoglutathione and S-methylhomoglutathione, suggesting the breakdown of methionine by methionine γ-lyase and conversion of α-ketobutyrate to β-alanine via propanoate metabolism. These findings delineate the biosynthetic pathways of the sulfur metabolome of common bean and provide an insight that will aid future efforts to improve nutritional quality.